Abstract. Inhibition of specific gene expression using RNA interference (RNAi) is a valuable tool for functional analysis of a target gene. However, there is little information available concerning RNAi for analysis of gene function in relation to the reproductive physiology of follicular cells in ruminants. Thus, the aim of this study was to evaluate the interfering effect of small interference RNA (siRNA) on expression of cyclooxygenase-2 (Cox-2) mRNA and prostagrandin F2α (PGF2α) production in bovine cumulus-granulosa (CG) cells. Bovine CG cells were collected from aspirated follicles and cultured.
is expressed in more preovulatory follicles by 24 h after hCG [4] . However, Cox-1 protein is not induced by hCG treatment in bovine preovulatory follicles [5] . Therefore, it seems that Cox-2 is a more important regulator than Cox-1 in bovine early reproductive events, such as oocyte maturation, ovulation and fertilization. The PGE 2 concentrations of follicular fluid are very low before exposure to a gonadotropin surge but increase in preovulatory follicles at 24 h after hCG [4] . At the same time, PGE 2 is produced by maturing bovine cumulus-oocyte complexes (COCs) in vitro [6, 7] . These lines of evidences indicate that Cox-2 participates in PG production in cumulus cells. In evaluation of the role or function of Cox-2, many studies have reported that Cox-2 is inhibited by aspirin and indometacin. However, aspirin and indometacin inhibit both Cox-1 and Cox-2. Therefore, a new research tool is needed to inhibit specific target enzymes needed. Inhibition of specific enzyme activity by RNA interference (RNAi) might be effective for analysis of the detailed mechanisms of the arachidonate cascade involving Cox-2.
Recently, induction of inhibition of specific gene expression using RNAi has attracted a lot of attention. In 1998, RNAi was first reported in the nematode Caenorhabditis elegans [8] . Since the innovative research by Fire et al., RNAi has been used for analysis of gene function in insects [9] , plants [10] , frogs [11] and chickens [12] . Although RNAi is effective in mouse oocytes and early embryos [13, 14] , applying double-stranded RNA (dsRNA) that varies in size between 38 and 1,662 bp for inhibiting a specific gene is difficult in mammalian cell culture systems [15, 16] . The reason for this is that introduction of dsRNA long er than 38nt in the cytoplasm of mammalian cells causes cell death by interferon-mediated apoptosis [17] . This crucial issue was resolved by using 21-23 bp small interfering RNA (siRNA) fragments produced by processing dsRNA [18] . Several studies have achieved successful inhibition at the mRNA level by siRNA in mammalian cells [19] [20] [21] . However, there is little information available concerning RNAi for analysis of gene function in relation to reproductive physiology in ruminants. Thus, the aim of this study was to investigate the effect of RNAi with siRNA on the expression of Cox-2 mRNA and PGF2α production in bovine cumulusgranulosa (CG) cells.
Materials and Methods

Cumulus-granulosa cells collection
Bovine ovaries were obtained from a local slaughterhouse. The ovaries were washed in a sterile solution of saline containing 10 IU/ml of penicillin and streptomycin (Nacalai Tesque, Kyoto, Japan). COCs were aspirated from follicles (2-6 mm diameter) using a 5-ml syringe attached to an 18-gauge needle. After pick up of the COCs, the CG cells remainihg in the follicular fluid were used for the experiment. The collected CG cells were washed twice with Dulbecco's Modified Eagle's medium (DMEM; GIBCO, Grand Island, NY, USA) containing 44 mM NaHCO3, 100 µg/ml penicillin and streptomycin and 5% calf serum (CS; GIBCO) by centrifugation (10 min at 100 × g) and was cultured in a 100-mm dish at 38.0 C in a humidified atmosphere of 95% air and 5% CO 2 . After reaching confluency, the CG cells were washed twice with Ca 2+ /Mg 2+ -free Dulbecco's Phosphate Buffered Saline (PBS; GIBCO) and separated with 0.05% (w/ v) trypsin and 0.02% EDTA in PBS. The CG cells were then washed twice with DMEM containing 5% CS by centrifugation (10 min at 100 × g), seeded at 5 × 10 4 cells/well in a 4-well dish and cultured at 38.0 C in a humidified atmosphere of 95% air and 5% CO 2 .
Preparation and transfection of siRNA
The target sequence in the Cox-2 gene was designed as 5'-AAC AGG ATT CTA CGG TGA AAA-3' (Ac. No. AF031698, nt. 247-267). Both sense (5'-AAC AGG AUU CUA CGG UGA AAA dTdT-3') and antisense RNA (5'-UUU UCA CCG UAG AAU CCU GUU dTdT-3') sequences for siRNA were determined using a web site siRNA design tool and sRNA was obtained by chemical synthesis 
Effect of introduction time of siRNA on Cox-2 mRNA expression
CG cells were cultured with 250 pM Cox-2 siRNA for 0, 3, 6, 12 and 24 h. After culture, the amount of Cox-2 mRNA expression was measured by RT-PCR and real-time PCR. The culture medium for each experimental group was collected for measurement of the PGF 2α concentration by enzyme immunoassay.
RNA extraction and RT-PCR
Total RNA was isolated from the bovine CG cells using Isogen (Nippongene, Tokyo, Japan). The extracted RNAs were then either immediately used for RT-PCR or stored at -80 C until analysis.
One µg of total RNA in each experimental group was used for cDNA synthesis. Reverse transcription was carried out with a First-Strand cDNA Synthesis Kit (GE Healthcare Bio-Science, Piscataway, NJ, USA) using oligo-dT primers. The cDNA templates were then subjected to PCR. The reaction mixture was prepared using PCR buffer supplied with thermostable polymerase AmpliTaq Gold ® (GE Healthcare Bio-Science). Specific primers for amplification of Cox-2 and β-actin were designed using the NCBI database to encode the bovine sequences. The primers were derived from the bovine sequences for Cox-2 (Ac. No. AF031698) and β-actin (Ac. No. AY141970, Table 1 ). The predicted sizes of the RT-PCR products were 281 bp for Cox-2 and 405 bp for β-actin, respectively. These primers were also used for real-time PCR. The RT-PCR was carried out with a thermal cycler. After 0.625 U polymerase was added to the reaction mixture, the PCR was carried out using an initial step at 94 C for 13 min followed by 45 cycles of denaturing at 94 C for 30 sec, annealing at, 56 C for 30 sec and extension at 72 C for 60 sec. A final extension was carried out at 72 C for 10 min. Amplification of β-actin as a housekeeping gene consisted of one denaturing step at 94 C for 13 min followed by 30 cycles of denaturing at 94 C for 30 sec, annealing at 56 C for 30 sec, and 72 C for extension at 60 sec. As a negative control, the same volume of buffer containing RNA was added to the PCR reaction mixture instead of cDNA.
Aliquots of the PCR reaction products (4 µl) were mixed with 1 µl bromophenol blue glycerin and fractionated by electrophoresis through 1.5% agarose gel containing 1 µg/ml ethidium bromide in a constant 100-V field. A mass ladder and 100-bp marker were used to determine the length of the RT-PCR products.
Real-time PCR
Real-time PCR was performed to Cox-2 gene expression relative to β-actin gene expression. Each cDNA sample was analyzed in duplicate using a LightCycler (Roche Diagnostics, Basel, Switzerland). For the real-time PCR reaction, a master reaction mix was prepared with 5.8 µl double-distilled water, 1.2 µl 25 mM MgCl 2 , 0.5 µl 10 µM forward primer, 0.5 µl 10 µM reverse primer and 1.0 µl LightCycler DNA Master SYBR Green I (Roche).
Nine µl of master mix was put in the glass capillaries, and 1 µl cDNA sample was added as a PCR template. The capillaries were closed and centrifuged in a microcentrifuge and then placed into the LightCycler rotor (Roche). The PCR reaction protocol for Cox-2 was as follows: a denaturation program (95 C for 10min), a four segment amplification program repeated 50 times for Cox-2 (95 C for 15 sec; 56 C for 5 sec; 72 C for 20 sec; and 82 C for 1 sec with a single fluorescence acquisition point), a melting curve program (65-95 C with a heating rate of 0.1 C/sec and continuous fluorescence acquisi- 
Measurement of PGF 2α concentration
The concentration of PGF 2 α in the culture medium 24 h after introduction of siRNA was determined with enzyme immunoassays as described previously [22] . The PGF 2α standard curve ranged from 0.016 ng/ml to 4 ng/ml, and the ED 50 of the assay was 0.25 ng/ml. The average intra-and interassay coefficients of variation were 4.1 and 10.8%, respectively.
Statistical analysis
Each experiment was replicated four or five times. The data were expressed as means ± SEM. The statistical significance of differences was analyzed by ANOVA using the Statview program (version 5.0; Abacus Concepts, Berkeley, CA, USA). When the ANOVA test yielded a P value of less than 0.05, the data were analyzed using the Fisher post-hoc test. Figure 1 shows the interference of cox-2 mRNA by cox-2 siRNA. Cox-2 mRNA expression was not affected by 0 or 100 pM siRNA 24 h after introduction; however, 250 and 500 pM Cox-2 siRNA reduced Cox-2 mRNA expression (Fig. 1a) . In contrast to the effect of introduction of siRNA on Cox-2 expression, expression of β-actin mRNA was not affected in any of the experimental groups (Fig. 1a) . Measurment of the amount of Cox-2 mRNA relative to β-actin expression using a real-time PCR analysis showed that Cox-2 mRNA expression was decreased in one-sixth of controls when 250 and 500 pM of Cox-2 siRNAs were introduced to CG cells (Fig. 1b) . These reductions of Cox-2 RNA were significantly (P<0.01) different compared with the control mRNA expression (Fig. 1b) . No morphological differences were observed in the cultured CG-cells when suppressive concentrations of Cox-2 siRNAs were transfected.
Results
In the next experiment, we investigated the time required for effective Cox-2 mRNA suppression after introduction of Cox-2 siRNA. After introduction of 250 pM siRNA, no visible suppression of Cox-2 mRNA was observed in CG cells within 0 or 3 h after introduction. However, a reduction of Cox-2 mRNA was observed 6 h after introduction of siRNA (Fig. 2a) . The expression of Cox-2 mRNA 12 h after introduction was clearly decreased, and a reduction was also observed 24 h after siRNA introduction. The expression of β-actin was unaffected by Cox-2 siRNA throughout the experiment. Realtime PCR anaylsis showed that, the amount of Cox-2 mRNA was significantly decreased (P<0.05) 6 h after Cox-2 siRNA introduction, and a 10 fold reduction was observed 12 h after introduction (P<0.001, Fig. 2b) . A reduction of mRNA express i o n w a s a l s o o b s e r v e d 2 4 h a f t e r s i R N A introduction.
To investigate whether the reduction of cox-2 mRNA reflects Cox-2 protein expression or activity, we measured the PGF 2α levels produced by Cox-2 in the culture medium. The PGF2α concentration of the culture medium was not significantly different 12 h after 250 pM siRNA introduction; however, the PGF2α concentration 24 h after siRNA introduction was significantly lower (P<0.05) than the control at the same time point (Fig. 3) .
Discussion
The present study demonstrated that introduction of siRNA against Cox-2 mRNA into bovine CG cells strongly suppresses the expression of Cox-2 mRNA and reduces the production of PGF 2α .
In the present study, introduction of siRNA targeting the Cox-2 mRN A wa s ef fective f or suppression of Cox-2 mRNA expression when transfected into bovine CG cells. Introduction of 250 and 500 pM Cox-2 siRNA into cultured bovine CG cells significantly reduced Cox-2 mRNA expression. On the other hand, Cox-2 mRNA expression was not affected by 24 h after introduction of 100 pM siRNA into CG cells, suggesting that the suppressive effect of siRNA may be influenced by the siRNA concentration introduced into the target cells. The previous studies have reported that the introduction of 10-200 pM siRNA is effective for interfering the specific genes in mammalian cells [21, 23] . The effective siRNA concentration (250 pM) in the present study was quite similar to the previous reports. In regard to inhibition of target gene expression through introduction of siRNA, the inhibitory effect on the expression of a target gene with RNAi is known to differ according to the sequence of the introduced siRNA. Although introduction of 10 pM siRNA into rat primary neurons significantly decreased the target gene expression in previous study [23] , inhibition of Cox-2 mRNA expression was not observed at less than 100 pM siRNA in the present study. This difference in inhibitory effect might be due to the specificity of the target sequence. In the present study, we selected one sequence for siRNA using an siRNA design program. There might be other sequences that inhibit Cox-2 mRNA expression more strongly. In addition, the difference might be due to the effective concentration of the siRNA because of the cell type used in the experiment.
Furthermore, reduction of the mRNA expression of the target gene was evaluated 24 h or more after introduction of siRNA in the previous studies [24, 25] . However, the present study showed that the reduction of Cox-2 mRNA expression began 6 h after introduction of siRNA. Thus, our result sug- gests that a reduction of mRNA expression resulting from introduction of siRNA occurs at a comparatively early stage. Although a significant reduction of Cox-2 mRNA was observed, the PGF2α levels were not significantly reduced 24 h after siRNA introduction. This time lag in relation to mRNA suppression and the PGF 2α levels was possibly caused by detection of accumulated PGF 2α that was produced by the remaining Cox-2 enzyme after knockdown of Cox-2 mRNA expression within 12 h of siRNA introduction. It is possible that introduction of siRNA for Cox-2 results in a more powerful reduction of Cox-2 mRNA expression and PGF 2α production ability in bovine CG cells beginning after 48 h. Therefore, it is necessary to take the time lag of mRNA and protein activity into consideration. Cox-2 is an isoform of PG synthase [2, 3] , and its protein exists in bovine granulosa cells [4] . The Cox-2 mRNA and protein in bovine granulosa cells are induced by the preovulatory LH surge in cattle and possibly mediate the increase of PGE 2 concentration in follicular fluid [5, 26, 27] . Intrafollicular injection of a selective Cox-2 inhibitor, NS-398, prevents increase of the follicular fluid PGE 2 concentration after the LH surge and inhibits ovulation [28] . In bovine preovulatory follicles, Cox-2 protein in granulosa cells is increased by the LH surge and hCG administration [4] . However, the levels of another PG synthase, Cox-1, are very low [28] , and no increase of Cox-1 protein is observed after treatment with hCG in bovine preovulatory follicles [5] . Furthermore, Cox-1 is not necessary for successful follicular rupture in mice [29] . These lines of evidence indicate that Cox-2 is a more important regulator than Cox-1 in bovine granulosa cells during the preovulatory period. Therefore, elucidation of the functional mechanisms of Cox-2 will lead to understanding of an initial reproductive event. In regard to analysis of the function of Cox-2, examinations of inhibition of Cox with aspirin and indometacin have already been conducted. However, a technique is required to inhibit the activity of a specific target so that aspirin and indometacin may prevent both Cox-1 and Cox-2 activity. In the present study, we showed that the RNAi for Cox-2 with siRNA strongly suppressed the expression of Cox-2 mRNA and produced a reduction of PGF 2α production in bovine CG cells in a dose-and timedependent manner. Therefore, our results indicate that RNAi with siRNA is a strong tool for regulating a specific gene function in signal transduction pathways, such as PGs synthesis, with a strong inhibitory effect. Furthermore RNAi will be useful for analyzing and regulating other gene functions for several type of cells in domestic animals.
In conclusion, these results suggest that gene silencing by Cox-2 siRNA is useful for analyzing the function and expression of specific genes in bovine CG cells. Gene silencing by introduction of siRNA may be an effective tool for functional analysis of target genes in mammalian reproductive cells.
